Objectives: The prognosis of people with pancreatic cancer is extremely unfavorable. However, the prognostic factors remain largely undefined. We aimed to perform comprehensive analyses of clinicopathologic characteristics, laboratory parameters, and treatment protocols for exploring their role as prognostic factors of pancreatic cancer. Methods: Patients diagnosed with pancreatic cancer and hospitalized at the China National Cancer Center between April 2006 and May 2016 were enrolled in this retrospective cohort study. Clinicopathologic characteristics, laboratory parameters, and treatment protocols were compared among patients at different stages of the disease. The association between these factors and overall survival (OS) was analyzed using the Kaplan-Meier method and Cox proportional hazards model. Results: The present study included 1,433 consecutive patients with pancreatic cancer. Median OS was 10.6 months (95% confidence interval [CI] 9.8-11.3 months), with 1-, 3-, and 5-year survival rates of 43.7%, 14.8%, and 8.8%, respectively. Cox multivariate analysis findings identified the following factors as independent predictors of OS: gender (female vs male, hazard ratio 0.72, 95% CI [0.54-0.95]); elevated total bilirubin (TBil; 1.82, 1.34-2.47); elevated carbohydrate antigen 19-9 (CA19-9; 1.72, 1.17-2.54); tumor being located in pancreatic body and tail (1.52, 1.10-2.10); advanced T stage (T3-4 vs T1-2, 1.62, 1.15-2.27); lymph node metastasis (1.57, 1.20-2.07); distant metastasis (1.59, 1.12-2.27); the presence of surgical resection (0.53, 0.34-0.81); and the presence of systemic chemotherapy (0.62, 0.45-0.82). Conclusions: Being male, elevated TBil and carcinoembryonic antigen, tumor being located in pancreatic body and tail, advanced T stage, lymph node and distant metastasis, the absence of surgical resection, and the absence of systematic chemotherapy were associated with worse OS in patients with pancreatic cancer.
INTRODUCTION
Pancreatic cancer is the fourth-leading cause of cancer mortality worldwide and is estimated to become the second-leading cause by 2030 Rahib et al., 2014) . In the United States, 55,440 new cases (3.2% of all cancers) and 44,330 deaths (accounting for 7.3% of all cancer-associated deaths) are estimated in 2018, which places a considerable burden on society (Siegel, Miller & Jemal, 2018) .
The prognosis of pancreatic cancer is very poor, with a five-year survival rate of approximately 8% (Siegel, Miller & Jemal, 2018) . Therefore, the identification of prognosis factors that can predict survival outcomes and guide proper treatment is imperative. Numerous studies (Jooste et al., 2016; Kozak et al., 2016; Sho et al., 2015; Toriola et al., 2014; Wang et al., 2016; Zhang et al., 2012 Zhang et al., , 2017 have investigated the prognostic factors of pancreatic cancer. Tumor stage (including T stage, lymph node metastasis, and distant metastasis) has been established as a significant prognostic factor (Jooste et al., 2016; Kozak et al., 2016; Lin et al., 2017; Sho et al., 2015; Wang et al., 2016; Yamamoto et al., 2015) . In addition, in an attempt to identify other prognostic factors, several studies (Lin et al., 2017; Zhang et al., 2017) focused on lifestyle factors and other perioperative prognostic characteristics such as age and tumor markers. However, the association of several markers with overall survival (OS) is controversial (Jooste et al., 2016; Kozak et al., 2016; Sho et al., 2015; Toriola et al., 2014; Wang et al., 2016; Zhang et al., 2012 Zhang et al., , 2017 .
Certain studies (Lin et al., 2017; Zhang et al., 2017) presented with limitations including non-informative analyses or small sample sizes and most studies (Lewis et al., 2013; Toriola et al., 2014) were conducted in Western countries. In some previous studies (Zhang et al., 2017) , the effect of smoking, alcohol, and body mass index (BMI) on pancreatic cancer survival were only explored. Hence, it is essential to conduct a comprehensive study including all probable prognostic factors of pancreatic cancer survival. The primary objective of the present study was to relatively comprehensively analyze and compare clinicopathologic characteristics, laboratory tests, and treatment protocols among a relatively large cohort of 1,433 patients with pancreatic cancer in China across different tumor stages. The secondary objective was to investigate the association between these variables and OS, and to identify the independent prognostic factors of pancreatic cancer. Thus far, this is the largest cohort of Chinese patients aiming to systematically study the prognostic factors in patients with pancreatic cancer.
MATERIALS AND METHODS

Medical ethics
This retrospective cohort study was conducted in accordance with the ethical guidelines of the 1975 Declaration of Helsinki (sixth revision, 2008) and was approved by the Ethical Committee of China National Cancer Center (no. NCC2017SF-72).
Inclusion and exclusion criteria
Patients who were diagnosed with pancreatic cancer and hospitalized at the China National Cancer Center/Cancer Hospital between April 1, 2006 and May 31, 2016 were identified and included. The diagnoses for all patients had been confirmed by pathological or cytological examinations. For the review, all patients must have been first treated at our center and should have complete medical records.
We excluded patients with pancreatic neuroendocrine tumor, solid pseudopapillary tumor of pancreas, all kinds of pancreatitis and other benign pancreatic diseases, and so on.
Data collection
Data on basic patient characteristics (sex, age, region of residency, race, payment method, job, marital status, lifestyle factors, comorbidities, year of diagnosis, and initial diagnostic department); clinicopathologic features (symptoms, tumor location, tumor diameter, and tumor stage); laboratory parameters (blood cell count, blood biochemical parameters, and tumor markers); and treatment information were collected from the medical records by trained investigators.
Vital status was collected using several methods. The primary methods included a telephone interview of patients or their next of kin and via Short Message Service. For patients who could not be reached, data were obtained from population registries from local health units, municipal registration offices, and local authorities. The outpatient records system was also queried for obtaining follow-up information and treatment records. All data were anonymized and de-identified.
Tumor stages were confirmed in accordance with the American Joint Committee on Cancer (AJCC) staging manual, 8th edition (Amin et al., 2017) .
Statistical analysis
Continuous variables were expressed as means ± standard deviation or medians with range, and categorical variables were expressed as frequencies and ratios. Student's t test, one-way analysis of variance, the Mann-Whitney U test, and Kruskal-Wallis H test were used for comparing continuous variables among different groups. The chi-square or Fisher's exact tests were used for comparing categorical variables among different groups. Ranked data among different groups was compared using the Mann-Whitney U or Kruskal-Wallis H tests.
Overall survival was defined as the time from the date of definite diagnosis until the death or end of follow-up. The Kaplan-Meier method and the log-rank test were used for calculating median OS rates with 95% confidence intervals (CIs), comparing OS rates among different groups, and generating survival curves. The results of univariate and multivariate analyses of OS in patients with pancreatic cancer were expressed as hazard ratios (HRs) with 95% CIs. Because some variables were repeated, the following three different models were used when we performed the Cox multivariate analyses: (1) Model 1: adjusted for gender, age, diagnosis year, and variables with P < 0.05 in the univariate analysis. We excluded tumor diameter because this data partly overlapped with T stage data. We also excluded total AJCC stage because this data overlapped with T stage, N stage, and M stage data. (2) Model 2: adjusted for gender, age, diagnosis year, and variables with P < 0.1 in the Cox multivariate analysis of Model 1. Variables included were gender, age, diagnosis year, total bilirubin (TBil), carbohydrate antigen 19-9 (CA19-9), tumor location, N stage, M stage, surgical resection, and systemic chemotherapy. We excluded T stage because this data partly overlapped with tumor diameter. (3) Model 3: adjusted for gender, age, diagnosis year, and variables with P < 0.1 in the Cox multivariate analysis of Model 1. Variables included were gender, age, diagnosis year, TBil, CA19-9, tumor location, surgical resection, and systemic chemotherapy. We excluded T stage, N stage, and M stage because this data overlapped with total AJCC stage data.
Statistical analyses were performed using IBM SPSS software, version 20.0 (SPSS, Chicago, IL, USA). All tests were two-sided, with a P value of <0.05 considered as statistically significant. And in some conditions, we set the test level at 0.1.
RESULTS
Overall cohort characteristics
This retrospective cohort consisted of 1,433 pancreatic cancer patients with median follow up period of 6.3 (0-132.0) months. Overall demographic included 125 (9.0%) stage I, 157 (11.3%) stage II, 584 (42.0%) stage III, and 524 (37.7%) stage IV pancreatic cancer, respectively. Table 1 shows the basic characteristics of the cohort. Median age was 60 (23-90) years, and male/female ratio was 1.61:1. The majority of the patients (61.6%) were from North China, one of the six regions in China, were of Han ethnicity (93.6%), payed the treatment costs by insurance (75.7%), and were married (97.5%). Mean BMI was 23.2 kg/m 2 and median BMI was 22.9 kg/m 2 . Compared with the other stages, the number of patients with a family history of cancer was lower in stage I or III, and the number of patients with a family history of pancreatic cancer was higher in stage II. More than 70% of patients with stage I to III cancer were admitted to the department of abdominal surgery at their first visit, while more than half of the patients with stage IV cancer were admitted to the department of internal medicine or intervention therapy (Table 1) . No significant differences were noted in sex, age, region of origin, race, payment method, job, marital status, lifestyle factors (drinking, smoking, BMI) and comorbidities (hypertension, diabetes mellitus, and biliary or gallbladder disease) among the different stages of pancreatic cancer (P > 0.05, Table 1 ).
Basic characteristics
Clinical symptoms
Abdominal or back pain were observed in most patients (74.3%) at the time of diagnosis. Other common symptoms included weight loss (45.0%), jaundice (30.3%), and alimentary symptoms (14.1%). Only 116 patients (8.2%) reported no symptoms at the time of diagnosis. There was a correlation between pain and cancer stage, with pain reported more frequently by patients with advanced stage cancer. The number of patients with jaundice was lowest in stage IV (P < 0.001), and the number of patients with no obvious symptoms was higher in stages I and II (P < 0.001, Table 2 ).
Laboratory parameters
The number of patients with elevated white cell and neutrophilic granulocyte counts were lowest in stage IV (P < 0.05), whereas the number of patients with elevated lymphocyte counts were highest in stages I and II (P < 0.05). Patients with metastatic pancreatic cancer had lower blood platelet counts. Alanine aminotransferase, TBil, indirect bilirubin (IBil), and alkaline phosphatase (ALP) levels significantly differed across the four stages with the highest being among stage III patients (P < 0.05). The level of prealbumin was the lowest in stage IV, while C-reactive protein was the highest in stage IV (P < 0.001). The levels of tumor markers (carcinoembryonic antigen (CEA), CA19-9, and carbohydrate antigen 242 (CA242)) were significantly higher in patients with stage IV cancer than in those with other stages of cancer (P < 0.05). There were no differences noted in red blood cell count and hemoglobin among the stages (P > 0.05, Table 2 ).
Tumor features
Most tumors were located in the pancreatic head (61.7%). Median tumor diameter was 4.2 (0.5-15.0) cm. Majority of the tumors were T4 stage (66.8%). Lymph node and distant metastases were noted in 49.5% and 36.8% of patients, respectively, and liver was the most common distant metastatic organ (Table 2) .
Treatment protocols
Among the 1,433 patients, 182 (12.7%) who were hospitalized at our center refused any treatment or received supportive treatments alone (not including biliary drainage), and 784 patients (54.7%) had surgeries. Among these 784 patients, 272 (34.7%) underwent surgical resection, 277 (35.3%) received intraoperative radiotherapy, 233 (29.7%) underwent exploratory laparotomy or palliative bypass surgery, and the remaining two patients (0.3%) underwent intraoperative freezing and microwave treatments, respectively. A total of 646 patients (45.1%) received nonsurgical anticancer treatment. The most frequently performed non-surgical treatments included systemic chemotherapy (n = 351, 24.5%); interventional therapy (n = 250, 30.3%); concurrent chemoradiotherapy (n = 98, 6.8%); and extracorporeal radiotherapy (n = 55, 3.8%). Among all patients with pancreatic cancer, 39.2% underwent biliary drainage; of these, 434 underwent bypass surgery and 146 underwent non-surgical drainage (Table 2) .
Overall survival
By the end of the follow-up period, there were 874 deaths, and 342 patients remained alive or died because of non-tumor reasons. The remaining 217 patients were lost to follow-up. Overall, the 1-, 3-, and 5-year survival rates were 43.7%, 14.8%, and 8.8% respectively. Median OS was 10.6 months (95% CI, 9.8-11.3 months, Fig. 1A ), and median OS rates of stages I, II, III, and IV were 34.7, 17.6, 11.0, and 6.1 months, respectively (Fig. 1B) . 
Prognostic factors
We examined the association between tumor stage (Fig. 1B) , laboratory parameters (Figs. 1C and 1D) , and treatment protocols (Figs. 1E and 1F ) and OS using the Kaplan-Meier method and the log-rank test. Univariate analysis findings revealed that the following factors negatively affecting OS: older age (!65 years), elevated neutrophilic granulocyte count, elevated TBil, decreased prealbumin, elevated CRP, elevated tumor biomarker levels (CEA and CA19-9), tumor being located in pancreatic body and tail, larger tumor diameter (>4 cm), higher tumor stage (total AJCC stage, T stage, N stage, and M stage), the absence of surgical resection, the absence of systemic chemotherapy, the absence of concurrent chemoradiotherapy, the presence of interventional therapy, and the presence of biliary drainage (Table 3) (Table 4) . When adjusted using Models 2 and 3, and the significant level was set at 0.1, tumor diameter (>4 vs 4 cm, HR 1.17, 95% CI [0.99-1.39]) and AJCC stage (III-IV vs I-II, HR 2.10, 95% CI [1.57-2.80]) were both independent prognostic factors (Table 4) .
Comparison between long-and short-term survivors
We also compared probable prognostic factors between long-term (!3 years) and shortterm (<3 years) survivors with pancreatic cancer. Long-term survivors were more likely to be younger and not have hypertension or diabetes mellitus as comorbidities; they also tended to not show specific symptoms of pain and weight loss and had lower levels of liver function tests (TBil, IBil, ALP, and g-GT) and of tumor markers (CEA, CA19-9, and CA242). These long-term survivors also tended to have lower tumor stage (total AJCC, T, N, and M stages). They were also more likely to receive more antitumor treatments including surgical resection, systemic chemotherapy, and concurrent chemoradiotherapy but were less likely to undergo biliary drainage (Table 5 ). 
001). (C) OS by total bilirubin (log-rank test, P < 0.001). (D) OS by carbohydrate antigen 19-9 (log-rank test, P < 0.001). (E)
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Full-size  DOI: 10.7717/peerj.4893/fig-1 For treatment, more than half (51.5%) of the long-term survivors received surgical resection, and approximately 1/3 (35.1%) received systemic chemotherapy. We failed to detect a significant difference between the long-and short-term survivors regarding interventional therapy (P = 0.150).
DISCUSSION
The incidence of pancreatic cancer in China is lower than that in the United States, and its prognosis remains poor (Chen et al., 2016; Siegel, Miller & Jemal, 2018) . In the present study including 1,433 patients, the median OS was 10.6 months, with 1-, 3-, and 5-year survival rates of 43.7%, 14.8%, and 8.8% respectively. For comparison, reported five-year OS rates range from 3% to 8% (Fric et al., 2017; Kenner et al., 2017; Siegel, Miller & Jemal, 2018) . Furthermore, our analysis revealed that being male, elevated TBil and CEA, tumor being located in pancreatic body and tail, advanced T stage, lymph node and distant metastasis, the absence of surgical resection, and the absence of systematic chemotherapy were associated with worse OS and served as independent prognostic factors.
Our univariate analysis revealed a positive association between older age and worse prognosis. Advanced multivariate analysis findings revealed that age had a certain association with prognosis (P = 0.083, we could say that older patients have a worse prognosis at a test level of 0.1), and the results were in accordance with most previous studies (Lin et al., 2017; Vernerey et al., 2016) . Furthermore, we found an association between gender and OS in pancreatic cancer. Compared with female patients, male patients had a worse prognosis. Concerning the association between gender and prognosis, previous studies could not reach a consensus (Jooste et al., 2016; Kozak et al., 2016; Sho et al., 2015; Toriola et al., 2014; Wang et al., 2016; Zhang et al., 2012 Zhang et al., , 2017 . There was no significant increase in pancreatic cancer mortality among smokers, those consuming alcohol, or overweight patients. Similar findings were obtained in patients with hypertension, diabetes mellitus, or a family history of cancer. Lifestyle factors and comorbidities may not be directly associated with pancreatic cancer survival and may have varied among previous studies (Jooste et al., 2016; Kozak et al., 2016; Sho et al., 2015; Toriola et al., 2014; Wang et al., 2016; Zhang et al., 2012 Zhang et al., , 2017 .
The majority of the previous studies failed to find a positive association between TBil and OS in patients with pancreatic cancer (Lin et al., 2017; Zhang et al., 2012) . In a retrospective study conducted in Korea, the median OS in patients with a TBil !7 mg/dL 
Concurrent chemoradiotherapy (yes vs no) NS NS
Biliary drainage (yes vs no) NS NS
Notes: AJCC, American Joint Committee on Cancer; CI, confidence interval; HR, hazard ratio; NS: not significant. * Model 1: adjusted by gender, age, diagnosis year, and variables with a P < 0.05 in the univariate analysis (not including tumor diameter and total AJCC stage). # Model 2: adjusted by gender, age, diagnosis year, total bilirubin, carbohydrate antigen 19-9, tumor location, N stage, M stage, tumor resection, and systemic chemotherapy. $ Model 3: adjusted by gender, age, diagnosis year, total bilirubin, carbohydrate antigen 19-9, tumor location, tumor resection, and systemic chemotherapy. was 11.4 months compared with the median OS of 14.9 months among patients with a TBil <7 mg/dL (P = 0.002) (Yoon et al., 2011) . These findings are in accordance with the results of the present study where elevated TBil was an independent, poor prognostic factor for pancreatic cancer. In the current cohort, patients with more advanced pancreatic cancer had higher TBil levels, compared with those patients with localized tumors (45.0% vs 40.8%). Carbohydrate antigen 19-9 is a well-known and significant diagnostic and prognostic marker for pancreatic cancer. While numerous studies demonstrated that elevated CA19-9 was associated with poor survival, which HRs reaching 9.95 (Gu et al., 2015; Lin et al., 2017) , numerous other studies reported a negative association between elevated CA19-9 and survival in these patients (Kanda et al., 2014; Kim et al., 2015) . In the present study, we noted that the survival rate was lower in patients with pancreatic cancer with elevated CA19-9 levels.
In addition to its diagnostic value, elevated CEA has also been proposed to be associated with poor prognosis in patients with pancreatic cancer (Lin et al., 2017; O'Brien et al., 2015) . In a retrospective study in China which included 96 patients with pancreatic cancer (Lin et al., 2017) , HR of pancreatic cancer mortality associated with elevated CEA reached 2.59 (95% CI [1.17-5.70] ). However, several other studies found no association between CEA level and pancreatic cancer mortality (Hang et al., 2017; Tas et al., 2013) , casting doubt on the prognostic value of CEA. In the present study, univariate analysis findings revealed a positive association between elevated CEA and pancreatic cancer mortality. However, Cox multivariate analysis failed to show a meaningful association between normal vs elevated CEA levels and pancreatic cancer prognosis.
Numerous studies reported a positive association between tumor stage and all-cause mortality in patients with pancreatic cancer (Jooste et al., 2016; Kozak et al., 2016; Lin et al., 2017; Sho et al., 2015; Wang et al., 2016; Yamamoto et al., 2015) . A study based on the Surveillance, Epidemiology, and End Results database revealed that, compared with localized pancreatic cancer, the HRs of pancreatic cancer mortality in patients with regional infiltration and distant metastasis reached 1.89 and 3.80, respectively (Wang et al., 2016) . When the role of tumor stage on outcomes was analyzed by classification according to T, N, and M stages, the HRs of pancreatic cancer mortality associated with higher T, N, and M stages reached 1.93 (Sho et al., 2015 ), 3.25 (Kozak et al., 2016 , and 6.39 (Jooste et al., 2016) , respectively. The current study confirmed the presence of a negative association between tumor stage and OS. Specifically, the present analysis was conducted with T, N, and M stages as separate variables and revealed that T, N, and M stages were all independent prognostic factors for pancreatic cancer. Several studies have reported that tumor diameter was an important prognostic factor for pancreatic cancer (Lewis et al., 2013; Vernerey et al., 2016) , agreeing with the results of our univariate analysis. Furthermore, in our advanced multivariate analysis, tumor diameter was found to have a certain association with prognosis (P = 0.073, we could say that patients whose tumors are larger have a worse prognosis at a test level of 0.1).
Considerable research has been undertaken to identify the association between tumor location and the prognosis of pancreatic cancer but has failed to reach a consensus Kanda et al., 2014; Kim et al., 2017; van Roest et al., 2016; Yu et al., 2017) . In the research conducted by Kanda et al. (2014) a total 324 patients with pancreatic cancer underwent surgical resection. Univariate analysis findings revealed that the prognosis of cancer of the pancreatic body and tail (HR 0.60) was better than cancer of the pancreatic head. However, multivariate analysis revealed that tumor location was not an independent prognostic factor for pancreatic cancer. A study by van Roest et al. included 34,757 patients. By multivariate analysis, compared with cancer of the pancreatic head, cancer of the pancreatic body and tail had a worse prognosis (HR 1.1), and the tumor location was an independent prognostic factor, which correlates with our results. A possible reason for this is that the symptoms of cancer of the pancreatic head appear earlier, enabling relatively earlier diagnosis and treatment. In the present study, compared with cancer of the pancreatic head, cancer of the pancreatic body and tail was more easily found in patients with stage IV cancer and less in patients with stage I cancer.
Surgical resection was reported to be an independent prognostic factor in pancreatic cancer in numerous studies (Mizuno et al., 2013; Singal, Singal & Kuo, 2012) , correlating with our present study. Our results revealed that the median OS rates for patients with and without surgical resection were 23.0 and 8.5 months, respectively.
The prognostic value of chemotherapy varies among different studies. In some studies, chemotherapy was reported to have a beneficial effect (Amin et al., 2016; Huang et al., 2017) on pancreatic cancer survival. In one study, the HR of mortality reached 0.368 in patients treated with chemotherapy compared with those who did not receive chemotherapy (Asari et al., 2016) . Conversely, some studies failed to find an association between chemotherapy and OS in pancreatic cancer Kanda et al., 2014) , whereas others reported a negative impact of chemotherapy on the survival of pancreatic cancer (Bergquist et al., 2016; Lee et al., 2013) . In the present study, chemotherapy was a good prognostic factor for OS in pancreatic cancer.
In a retrospective study, the HR of pancreatic cancer mortality associated with interventional therapy was 0.43 (95% CI [0.29-0.43]) among 302 cases (Zhang et al., 2012) ; whereas, in the present study, interventional therapy failed to be an independent prognostic factor for pancreatic cancer. One possible explanation for this discrepancy may be the larger number of patients with metastatic disease (68.9%) and stage III-IV cancer (90.9%) at the time of diagnosis among who received interventional therapy than those who did not undergo interventional therapy (31.2% and 77.4%, respectively, Table 1); interventional therapy was administered to patients with later-stage disease in the current cohort. This finding highlights the requirement for special care in assessing outcomes in patients receiving interventional therapy.
Furthermore, multivariate analysis failed to identify concurrent chemoradiotherapy and extracorporeal radiotherapy as independent prognostic factors for pancreatic cancer. A possible reason is that the number of patients who received chemoradiotherapy and extracorporeal radiotherapy was relatively small (6.8% and 3.8%, respectively).
In the present study, the comparison of potential prognostic factors between long-and short-term survivors revealed that higher serum TBil, higher serum CA19-9, advanced T stage, presence of lymph node metastasis, the presence of distant metastasis, the absence of surgical resection, and the absence of systemic chemotherapy were associated with worse outcomes, which again highlights the prognostic value of these independent factors.
Limitations and strengths
This study has several pertinent limitations. First, there may be confounding factors that could influence the results because of the retrospective design of the study. Second, this was a single-center study. Third, detailed data on chemotherapy specifics such as single vs multi drugs were not collected, and prognostic analyses of chemotherapy characteristics could not be performed. Fourth, prognostic analyses of subgroups were not performed. Some factors, such as interventional therapy, may be associated with better OS in specific patient subgroups, which we plan to address with future study series. Nonetheless, several notable strengths of this study included the analysis of a relatively large cohort (large diameter) and comprehensive analysis of a wide variety of factors that may have association with OS in pancreatic cancer, which should provide an important reference point for clinicians.
